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Maternal use of selective serotonin
reuptake inhibitors during pregnancy is
associated with Hirschsprung’s disease in
newborns – a nationwide cohort study
Sebastian Werngreen Nielsen1,3*, Perniller Møller Ljungdalh2, Jan Nielsen2, Bente Mertz Nørgård2 and Niels Qvist1
Abstract
Background: Hirschsprung’s disease is a rare condition caused by congenital malformation of the gastrointestinal
tract affecting 1:5000 children. Not much is known about risk factors for development of Hirschsprung’s disease.
Two clinical cases of hirschsprung’s disease led to an investigation of the association between maternal use of
selective serotonin reuptake inhibitors (SSRIs) during pregnancy and development of Hirschsprung’s Disease in
the newborn child. The study examined a nationwide, unselected cohort of children born in Denmark from 1
January 1996 until 12 March 2016 (n = 1,256,317). We applied multivariate models to register-based data to
estimate the odds ratio of Hirschsprung’s disease, adjusting for possible confounders. The studied exposure
period for SSRIs were 30 days prior to conception to the end of the first trimester.
Results: In the main exposed cohort the prevalence of Hirschsprung’s disease was 16/19.807 (0.08%) compared
to 584/1.236.510 (0.05%) in the unexposed cohort. In women who redeemed a minimum of one prescription of
selective serotonin reuptake inhibitors, the adjusted odds ratio for development of Hirschsprung’s disease was
1.76 (95%CI: 1.07–2.92). In women who redeemed a minimum of two prescriptions, the adjusted odds ratio
for Hirschsprung’s disease was 2.34 (95% CI: 1.21–4.55).
Conclusions: Our data suggest that early maternal use of selective serotonin reuptake inhibitors is significantly
associated with the development of Hirschsprung’s disease in the newborn child. Treatment of depression during
pregnancy always has to be weighed against the risks posed by untreated maternal depression. Our results have
to be confirmed in other studies.
Keywords: SSRI, Congenital malformation, Hirschsprung’s disease, Developmental biology, Enteric nervous
system, Paediatric gastroenterology
Background
The use of selective serotonin inhibitors (SSRIs) during
pregnancy has increased significantly during the last
two decades [1–3] and an increased risk of adverse
birth outcomes has been reported, [4, 5] including neo-
natal complications [5], and groups of congenital heart
and gastrointestinal malformations [4, 6–12]. Other
studies have not found an increased risk of malforma-
tions [13–15].
Serotonin or 5-hydroxytryptamine (5-HT) is a monoa-
mine neurotransmitter, which is important for the deve-
lopment of the enteric nervous system, and the migration
of neural crest cells to the bowel wall during the first
trimester [16–18]. SSRI intake during the first trimester
might inhibit this process resulting in Hirschsprung’s di-
sease (HD). HD is a congenital malformation with agan-
glionosis of the enteric plexuses of the bowel wall that
extends from the anal canal and proximally affecting a
variable length of the colon. The clinical picture is ileus
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with megacolon or intractable constipation, which neces-
sitates surgery in infancy or childhood [19] resulting in se-
vere consequences of impaired bowel function with a
mixture of constipation and in faecal incontinence in early
life and later [20].
During the last decade the incidence of HD has dou-
bled [21, 22] and since only a minority of HD cases have
a known genetic aetiology, further investigation into
non-genetic risk factors of HD is warranted [23].
The aim of the present study was to investigate the as-
sociation between maternal prescription of SSRI in the
period of 1 month prior to conception to the end of first
trimester of pregnancy and having a child with the diag-
nosis of HD. To examine this association we used na-
tionwide Danish register data.
Methods
Setting
A population-based nationwide cohort study was con-
ducted using data from Danish health registries. The uni-
form organization and unrestricted access to a tax-funded
universal healthcare system for all Danish residents,
allowed us to use a population-based study design. We
used the Danish National Patient Registry (NPR) [24], the
Danish Medical Birth Registry (MBR) [25], the Nationwide
Prescription Database [26], and the Central Personal
Registration system [27]. All registries were linked using
the civil registration number. All Danish residents are
assigned a civil registration number at birth or when ta-
king residence in Denmark, and this unique identifier was
unambiguously used to link data on an individual level.
Study population
The study population included all live born children
identified by the Medical Birth Registry [25] with a valid
civil registration in Denmark from 1 January 1996 until
12 March 2016. By using information on the gestational
age and delivery date, the date of conception was
assessed for all children in the study population.
Data sources
Established in 1977, the NPR includes records of all dis-
charges from Danish hospitals and since 1994 all out-
patient visits. Information in the NPR includes patients’
civil registration numbers and up to 20 discharge diagno-
ses based on the International Classification of Diseases
(ICD-10 from 1994 onward) [24, 28]. The MBR consists
of information on all births in Denmark since 1973 in-
cluding pregnancy-related information i.e. gestational age,
birth outcomes, and information on the mother, maternal
civil registration number, maternal age, smoking status
and parity. In 1997 the coding of maternal smoking was
expanded to include possible registration of maternal
smoking cessation during pregnancy. As this change was
done during the study period, we reduced the complexity
of the variable maternal smoking to yes (including any
smoking and smoking cessation during pregnancy), no
(no smoking whatsoever) [25].
The Danish Medicine Agency maintains a nationwide
prescription database for all reimbursed drug prescrip-
tions issued from Danish pharmacies. The database in-
cludes for each prescription, patients’ civil registration
number, medication dosage, package size, date of reim-
bursement and drug classification code, according to the
anatomical therapeutic chemical (ATC) classification sys-
tem [29]. As only prescription drugs are registered in the
Nationwide Prescription Database, over-the-counter-sale
is not included. However, SSRI are only available by pre-
scription in Denmark. The Central Personal Registration
system consists of information on civil registration num-
ber, death and immigration.
Exposed cohort, children born of women exposed to SSRI
Main cohort
For the children in the study population, information
was collected on maternal prescriptions of SSRI (ATC:
N06AB03, N06AB04, N06AB05, N06AB06, N06AB08,
N06AB10) from 30 days before conception to end of
first trimester (end of 12th week of pregnancy). The
main exposed cohort, thus, included children of women
who had filled one or more prescriptions from 30 days
before conception to end of first trimester.
Sub-cohort I
Sub-cohort I was defined as all children in the main
cohort where the mothers filled one single SSRI pre-
scription from 30 days before conception to end of first
trimester.
Sub-cohort II
Sub-cohort II was defined as all children in the main
cohort where the mothers filled two or more SSRI pre-
scriptions from 30 days before conception to end of first
trimester.
Unexposed cohort, children born of women not exposed
to SSRI
The unexposed cohort constituted all children included
in the study population where mothers did not fill pre-
scriptions of SSRI from 30 days before conception to
end of first trimester.
Outcome
Outcome information was obtained from the NPR and
defined as any child with a diagnosis of HD (ICD-10:
DQ431) from 1 January 1996 until 12 March 2016.
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Information on possible confounders
From the Maternal Birth Registry (MBR) [25], we ob-
tained information on the age of the mother (≤19, 20–
24, 25–29, 30–34 ≥ 35 years) at the time of delivery, par-
ity (one or more than one pregnancy), sex of the child,
maternal smoking during pregnancy (yes/no), and calen-
dar year of birth (1996–2001, 2002–2007, 2008–2011,
2012–2016).
Statistical analysis
We constructed contingency tables for the main study
variables according to the exposed and unexposed co-
horts. We used logistic regression analyses to compute
crude and adjusted odds ratio estimates (prevalence
odds ratio with 95% confidence intervals [95% CI]) for
HD following maternal use of SSRI relative to no mater-
nal use of SSRI. These analyses were performed for the
main cohort, sub-cohort I, and sub-cohort II, all relative
to the unexposed cohort.
Adjustment was made for maternal age (≤19, 20–24,
25–29, 30–34 ≥ 35 years), maternal smoking status (yes/
no), parity (one or more than one pregnancy), sex of the
child, and calendar year of birth (1996–2001, 2002–
2007, 2008–2011, 2012–2016).
Sub-analysis
To exclude an underlying effect of other maternal di-
sease that might be associated with malformations and
use of SSRI we performed a sub-analysis. We excluded
children from the exposed and unexposed cohort where
the mothers had reimbursed prescriptions for any of the
following medications: antiepileptic drugs (ATC: N03A),
antidiabetic drugs (ATC: A10), antipsychotic drugs
(ATC: N05A), anxiolytics (ATC: N05B), and tricyclic
antidepressants (ATC:N06AA) 3 months prior to con-
ception and until the end of 12th week of pregnancy.
Again we used logistic regression analyses to compute
crude and adjusted odds ratio estimates for HD follo-
wing maternal use of SSRI, and included in the model
were the same covariates as in the main analyses.
All calculations were performed using STATA Release
14.0 (StataCorp, College Station, TX, USA).
Results
A total of 1.256.317 children were included, and of
these, 19.807 children were born by women who had
filled one or more prescriptions of SSRIs 30 days before
conception to the end of the first trimester. Sub-cohort I
included 11.351 children born by women who had filled
only one SSRI prescription within30 days before concep-
tion to the end of the first trimester, and sub-cohort II
included 8.456 children born by women who had filled
two or more SSRI prescriptions within 30 days before
conception to the end of the first trimester. A total of
1.236.510 children were born by mothers who were not
exposed to SSRI 30 days before conception to the end of
the first trimester. The characteristics of the exposed
and unexposed cohorts are shown in Table 1, and the
basic characteristics were similar according to mother’s
age at delivery, sex of child and parity. Maternal smo-
king was more frequent in the main exposed cohort
(28.6%) compared to the unexposed cohort (15.1%).
In the main exposed cohort we found that 16 out of
19.807 (0.08%) of the children had a diagnosis of HD,
and among the unexposed cohort 584 out of 1.236.510
(0.05%) had HD, corresponding to an adjusted OR for
HD of 1.76 (95% CI 1.07–2.92) (Table 2). In sub-cohort I
(only one redeemed prescription), 7 out of 11.351
(0.06%) had a diagnosis of HD (corresponding to an ad-
justed OR for HD of 1.33 (95% CI 0.63–2.83) (Table 2).
In children in sub-cohort II (a minimum of two
redeemed prescriptions), 9 out of 8.456 (0.11%) had a
diagnosis of HD, and the adjusted OR for HD was 2.34
(95% CI 1.21–4.55) (Table 2).
In our sub-analysis we excluded women with prescrip-
tions of antiepileptic, antidiabetic, antipsychotics, anxio-
lytic and tricyclic antidepressants, and a total of 16.395
children were born by women who had filled one or
more prescription of SSRI 30 days before conception to
the end of the first trimester. A total of 1.207.989 chil-
dren were born to women not exposed to SSRI. The
basic characteristics were similar between the exposed
and unexposed (Additional file 1). A total of 13 children
were born with HD out of 16.395 (0.08%), corresponding
to an adjusted OR for HD of 1.76 (95% CI 1.01–3.07)
(Table 3). In sub-cohort I, a total of 6 children had HD
out of 9.663 (0.06%) corresponding to an adjusted OR
for HD of 1.38 (95% CI 0.61–3.09). In sub-cohort II, a
total of 7 children had HD out of 6.732 (0.10%), corre-
sponding to an OR for HD of 2.32 (95% CI 1.10–4.91)
(Table 3).
Discussion
The results of our study demonstrated a significantly in-
creased risk of HD after maternal exposure to SSRI. The
analyses indicated that only one redeemed prescription
for SSRI was associated to a 1.3 fold increased risk of HD,
and a minimum of two redeemed prescriptions was asso-
ciated to a 2.3 increased risk, indicating a dose-response
relationship between SSRI and development of HD.
A review of the literature did not yield any previous
studies that demonstrated an association between mater-
nal use of SSRIs and HD. The majority of population-
based studies examined different groups of congenital
malformations [4, 6–10] and none have had specific
focus on the association between HD and SSRIs. The
aetiology of various congenital malformations differ, and
the clustering of gastrointestinal malformations in one
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group for analyses may render previous studies unable
to show a specific association between SSRIs and HD.
HD is a rare disease (1:5000 live births) and most of the
previous studies may lack the statistical power to find
significant associations between maternal use of SSRI
and specific malformations [4, 6, 8, 13, 14].
The strengths of the present study were that it was
based on nationwide registers and included information
on all children in Denmark during the study period. We
had no loss to follow up which prevents selection bias.
The information on maternal drug exposure was based
on prescriptions and not on patient recall therefore
Table 1 Characteristics of the exposed and unexposed cohorts. The exposed cohort was divided according to number of redeemed
prescriptions of selective serotonin-reuptake inhibitors (SSRI’s): minimum of one prescription, limited to one prescription, and
minimum two prescriptions. Total number of children, n = 1.256.317
SSRI prescriptions redeemed a
minimum of one time (n = 19,807)
SSRI prescriptions redeemed
one time only (n = 11.351)
SSRI prescriptions redeemed
minimum two times (n = 8.456)
No prescriptions of
SSRIs (n = 1.236.510)
Maternal age
≤19 308 (1.6%) 184 (1.6%) 124 (1.5%) 18.039 (1.5%)
20–24 2.645 (13.4%) 1.530 (13.5%) 1.115 (13.2%) 145.031 (11.7%)
25–29 5.764 (29.1%) 3.234 (28.5%) 2.530 (29.9%) 415.536 (33.6%)
30–34 6.678 (33.7%) 3.779 (33.3%) 2.899 (34.3%) 437.740 (35.4%)
≥35 4.412 (22.3%) 2.624 (23.1%) 1.788 (21.1%) 220.164 (17.8%)
Maternal smoking status
No 13.384 (67.6%) 7.838 (69.1%) 5.546 (65.6%) 946.853 (76.6%)
Yes 5.656 (28.6%) 3.095 (27.3%) 2.561 (30.3%) 186.807 (15.1%)
Missing 767 (3.9%) 418 (3.7%) 349 (4.1%) 102.850 (8.3%)
Sex of child
Male 10.249 (51.7%) 5.862 (51.6%) 4.387 (51.9%) 601.949 (48.7%)
Female 9.558 (48.3%) 5.489 (48.4%) 4.069 (48.1%) 634.561 (51.3%)
Parity
1 8.792 (44.4%) 4.912 (43.3%) 3.880 (45.9%) 545.646 (44.1%)
>1 11.015 (55.6%) 6.439 (56.7%) 4.576 (54.1%) 690.864 (55.9%)
Birth year
1996–2001 1.972 (10.0%) 1.033 (9.1%) 939 (11.1%) 387.716 (31.4%)
2002–2007 6.077 (30.7%) 2.976 (26.2%) 3.101 (36.7%) 376.939 (30.5%)
2008–2011 6.787 (34.3%) 3.952 (34.8%) 2.835(33.5%) 240.952 (19.5%)
2012–2016 4.971 (25.1%) 3.390 (29.9%) 1.581 (18.7%) 230.903 (18.7%)
Table 2 Odds ratio (OR) estimates for Hirschsprung’s Disease from logistic regression models, crude and adjusted OR with 95%
confidence interval (CI) for occurrence of Hirschsprung’s Disease based on all live births in the period of 1 january 1996 until 12
March 2016
SSRI prescriptions redeemed a minimum
of one time
No prescriptions
for SSRIs
Crude OR
(95%CI)
Adjusted ORa
(95%CI)
Child born with Hirschsprung’s
Disease
16/19.807 (0.08%) 584/1.236.510 (0.05%) 1.71 (1.04–2.81) 1,76 (1.07–2.92)
SSRI prescriptions redeemed one time only No prescriptions
for SSRIs
Crude OR
(95%CI)
Adjusted ORa
(95%CI)
Child born with Hirschsprung’s
Disease
7/11.351 (0.06%) 584/1.236.510 (0.05%) 1.31 (0.62–2.75) 1.33 (0.63–2.83)
SSRI prescriptions redeemed a minimum
of two times
No prescriptions
for SSRIs
Crude OR
(95%CI)
Adjusted ORa
(95%CI)
Child born with Hirschsprung’s
Disease
9/8.456 (0.11%) 584/1.236.510 (0.05%) 2.25 (1,17–4.36) 2.34 (1.21–4.55)
aAdjusted for maternal age (≤19, 20–24, 25–29, 30–34, ≥35), maternal smoking (yes/no), sex, of child (male/female), parity (1/<1), calendar year of birth
(1996–2001, 2002–2007, 2008–2011, 2012–2016)
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eliminating recall bias. Information on the outcome
(HD) was collected independently of the exposure status
and thereby preventing information bias. In Denmark,
HD is treated in one of two national centres and internal
review of the HD diagnosis from one of these centres
(Odense University Hospital), verified that all HD diag-
noses from the NPR was given on the basis of histo-
pathological examination of rectal biopsies or surgical
specimens (unpublished data). The validity of the diag-
nosis of HD is therefore considered high. In our study
we had access to a complete nationwide prescription
database, ensuring that all mothers could be classified
according to the possible prescriptions for SSRIs during
the pre-conception period and during early pregnancy.
The data in the prescription database are of high quality
as previously documented [30]. Furthermore it is
strength that we, in sub-analyses, were able to eliminate
a possible confounding impact of other maternal under-
lying diseases that at least in the theory could be asso-
ciated to congenital malformations. In sub-analyses, we
thus excluded women using medications for epilepsy,
diabetes, and those who used antipsychotics, anxiolytics
and tricyclics antidepressants; and we found that our re-
sults were robust as the results from the sub-analyses
were similar to our main analyses. With regard to pos-
sible confounders, we were able to take into conside-
ration several possible confounders, but the impact of
these was limited as the crude and adjusted risk esti-
mates were similar. Overall, the external validity of our
study is considered good and applicable to other
populations.
Possible limitations of this study were lack of informa-
tion on drug compliance. We used prescription data as a
proxy for drug intake. Previous studies in pregnant
women indicated a high rate of compliance in the use of
antidiabetic, antibiotic and thyroid medication [31–33].
Patient compliance of antidepressant treatment in
Denmark has previously been estimated to 80% [34] and
similar findings were found in a Swedish study based on
patient interviews (83%) [35]. Any potential misclassifi-
cation of exposure due to patient non-compliance
would, however, tend to underestimate our risk esti-
mates. A high degree of non-compliance could therefore
mask a true association. In addition, we did not have
enough data to look into the impact of specific types of
SSRI. The few number of children born with HD among
exposed women did not allow us to give results accor-
ding to specific types of SSRIs. In a cohort study like
this, it may be difficult to isolate the effects of drug
treatment, and in case of a statistical significant associa-
tion (as in our study), it is necessary to consider whether
the result is influenced by residual or unmeasured con-
founding. We had no opportunity to adjust our analyses
for severity of underlying depression, and it is unknown
whether maternal depression may predispose to HD. An
association between major congenital malformation and
depression has not been documented [36–38] and HD-
associated genes do not match genes associated with de-
pression [39, 40]. Development of the enteric nervous
system is dependent on epigenetic stability [41] and ma-
ternal depression is associated with epigenetic changes
within the DNA of the offspring, including a gene en-
coding a trans membrane serotonin transporter that re-
gulates the intrasynaptic reuptake of serotonin. This
would lead to less intrasynaptic 5-HT, the exact opposite
effect of an SSRI, which increases intrasynaptic 5-HT
[42]. Other studies did not find epigenetic changes re-
lated to maternal depression [43].
HD phenotypes can arise from different genotypes
[44] and the genes associated with the most common
type of HD (short-segmented HD) are likely to have
possible environmental interactions [39, 45]. While
Table 3 Odds ratio (OR) estimates for Hirschsprung’s Disease from logistic regression models, crude and adjusted OR with 95%
confidence interval (CI) for occurrence of Hirschsprung’s Disease based on all live births in the period of 1 january 1996 until 12
March 2016. All women with prescriptions 3 months prior to time of conception of antiepileptic, antidiabetic, antipsychotics,
anxiolytic and tricyclic antidepressants are excluded from the population
SSRI prescriptions redeemed a minimum
of one time
No prescriptions
for SSRIs
Crude OR
(95%CI)
Adjusted ORa
(95%CI)
Child born with Hirschsprung’s
Disease
13/16.395 (0.08%) 561/1.207.989 (0.05%) 1.71 (0.99–2.96) 1.76 (1.01–3.07)
SSRI prescriptions redeemed one time only No prescriptions
for SSRIs
Crude OR
(95%CI)
Adjusted ORa
(95%CI)
Child born with Hirschsprung’s
Disease
6/9.663 (0.06%) 561/1.207.989 (0.05%) 1.34 (0.60–3.00) 1.38 (0.61–3.09)
SSRI prescriptions redeemed a minimum
of two times
No prescriptions
for SSRIs
Crude OR
(95%CI)
Adjusted ORa
(95%CI)
Child born with Hirschsprung’s
Disease
7/6.732 (0.10%) 561/1.207.989 (0.05%) 2.24 (1.06–4.72) 2.32 (1.10–4.90)
aAdjusted for maternal age (≤19, 20–24, 25–29, 30–34, ≥35), maternal smoking (yes/no), sex, of child (male/female), parity (1/<1), calendar year of birth
(1996–2001, 2002–2007, 2008–2011, 2012–2016)
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discussing confounding by indication in relation to de-
pression and HD it is therefore important to note that
depression during pregnancy may be associated with
poor nutrition, obesity, smoking, alcohol, and drug abuse
[37, 38]. These risk factors can influence the develop-
ment of the enteric nervous system (causing HD, but the
relation between environmental risk factors and HD is
not well documented [21, 46]. Maternal smoking has
been linked to an increase in gastrointestinal malforma-
tions [47], but no association between smoking and HD
has been found [48]. One study has reported that vita-
min A deficiency (as a proxy for poor nutrition) can im-
pair development of the enteric nervous system and
cause a HD-like condition in mice [49]. This is interes-
ting since folic acid supplement compliance during preg-
nancy is poor especially in young, smoking women with
low levels of education [50]. No information on nutri-
tional habits including supplement of vitamins were in-
cluded in the present study. Maternal obesity may
increase the risk of HD [48], but it was not possible to
include this information in this study.
Conclusions
Our data suggest that use of SSRIs in the period of
30 days before conception to end of the first trimester is
associated to an increased risk of HD. We cannot rule
out that our results might be influenced by unknown
confounders, and we do not know whether the increased
risk of HD might be associated to specific types of SSRIs.
Our results need to be confirmed in other settings, and
in the future we need data on a possible impact of spe-
cific types of SSRIs. Treatment of depression during
pregnancy always has to be weighed against the risks
posed by untreated maternal depression during preg-
nancy, but restrain should be shown in fertile women,
who do not use effective contraceptive measures or are
planning to become pregnant.
Additional file
Additional file 1: Table S1. Characteristics of the exposed and unexposed
cohorts. All women with prescriptions of antiepileptic, antidiabetic,
antipsychotics, anxiolytic and tricyclics antidepressants are excluded
from the population. Total number of children = 1,224,384. (DOCX
12 kb)
Acknowledgements
The first author would like to thank Ryan J. Christensen for encouraging to
pursue the initial research, which led to the present study.
Funding
The study was supported by the Program for Clinical Research Infrastructure
(PROCRIN) established by the Lundbeck Foundation and the Novo Nordisk
Foundation.
Availability of data and materials
The datasets generated and analysed during the current study are not
publicly available due to Danish data protection law. Datasets can be made
available from the corresponding author on reasonable request and under
condition of prerequisite approval of the Danish Health authorities.
Authors’ contributions
NSW: conception, funding, design, interpretation of results, manuscript
writing. NJ: data collection, data analyses, interpretation of results, manuscript
editing. LPM: assistance with data analysis, interpretation of results, manuscript
editing. NBM: funding, design, data collection, assistance with data analysis,
interpretation of results. QN: conception, funding, interpretation of results,
manuscript editing. All authors edited and approved the final version.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study was approved by the Danish Data Protection Agency (j.nr. 15/
43761). According to Danish law, no ethical approvals of register-based
studies are necessary.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Author details
1Department of Surgical Gastroenterology A, Odense University Hospital, and
Research Unit of Surgery, Institute of Clinical Research, University of Southern
Denmark, 5000 Odense C, DK, Denmark. 2Center for Clinical Epidemiology,
Odense University Hospital, and Research Unit of Clinical Epidemiology,
University of Southern Denmark, 5000 Odense C, DK, Denmark.
3Engelshøjgade 26 1TH, 6400 Sønderborg, Denmark.
Received: 2 March 2017 Accepted: 12 June 2017
References
1. Andrade SE, Raebel MA, Brown J, Lane K, Livingston J, Boudreau D, et al.
Use of antidepressant medications during pregnancy: a multisite study. Am
J Obstet Gynecol. 2008;198:194. e1-5
2. Jimenez-Solem E, Andersen JT, Petersen M, Broedbaek K, Andersen NL,
Torp-Pedersen C, et al. Prevalence of antidepressant use during pregnancy
in Denmark, a nation-wide cohort study. PLoS One. 2013;8:e63034.
3. Bakker MK, Kölling P, van den Berg PB, de Walle HEK, de Jong van den Berg
LTW. Increase in use of selective serotonin reuptake inhibitors in pregnancy
during the last decade, a population-based cohort study from the
Netherlands. Br J Clin Pharmacol. 2008;65:600–6.
4. Colvin L, Slack-Smith L, Stanley FJ, Bower C. Dispensing patterns and
pregnancy outcomes for women dispensed selective serotonin reuptake
inhibitors in pregnancy. Birt Defects Res A Clin Mol Teratol. 2011;91:142–52.
5. Oberlander TF, Warburton W, Misri S, Aghajanian J, Hertzman C. Neonatal
outcomes after prenatal exposure to selective serotonin reuptake inhibitor
antidepressants and maternal depression using population-based linked
health data. Arch Gen Psychiatry. 2006;63:898–906.
6. Knudsen TM, Hansen AV, Garne E, Andersen A-MN. Increased risk of severe
congenital heart defects in offspring exposed to selective serotonin-
reuptake inhibitors in early pregnancy – an epidemiological study using
validated EUROCAT data. BMC Pregnancy Childbirth. 2014;14 doi:10.1186/
1471-2393-14-333.
7. Wemakor A, Casson K, Garne E, Bakker M, Addor M-C, Arriola L, et al.
Selective serotonin reuptake inhibitor antidepressant use in first trimester
pregnancy and risk of specific congenital anomalies: a European register-
based study. Eur J Epidemiol. 2015;30:1187–98.
8. Malm H, Artama M, Gissler M, Ritvanen A. Selective serotonin reuptake
inhibitors and risk for major congenital anomalies. Obstet Gynecol.
2011;118:111–20.
Nielsen et al. Orphanet Journal of Rare Diseases  (2017) 12:116 Page 6 of 7
9. Reefhuis J, Devine O, Friedman JM, Louik C, Honein MA. Specific SSRIs and
birth defects: bayesian analysis to interpret new data in the context of
previous reports. BMJ. 2015;8;351:h3190.
10. Jimenez-Solem E, Andersen JT, Petersen M, Broedbaek K, Jensen JK, Afzal S,
et al. Exposure to selective serotonin reuptake inhibitors and the risk
of congenital malformations: a nationwide cohort study. BMJ Open.
2012;2:e001148.
11. Malm H. Prenatal exposure to selective serotonin reuptake inhibitors and
infant outcome. Ther Drug Monit. 2012;34:607–14.
12. Tuccori M, Montagnani S, Testi A, Ruggiero E, Mantarro S, Scollo C, et al.
Use of selective serotonin reuptake inhibitors during pregnancy and risk
of major and cardiovascular malformations: an update. Postgrad Med.
2010;122:49–65.
13. Margulis AV, Abou-Ali A, Strazzeri MM, Ding Y, Kuyateh F, Frimpong EY, et al.
Use of selective serotonin reuptake inhibitors in pregnancy and cardiac
malformations: a propensity-score matched cohort in CPRD: SSRIS AND
CARDIAC MALFORMATIONS. Pharmacoepidemiol Drug Saf. 2013;:n/a-n/a.
14. Källén BAJ, Otterblad OP. Maternal use of selective serotonin re-uptake
inhibitors in early pregnancy and infant congenital malformations. Birt
Defects Res A Clin Mol Teratol. 2007;79:301–8.
15. Nordeng H, van Gelder MMHJ, Spigset O, Koren G, Einarson A, Eberhard-
Gran M. Pregnancy outcome after exposure to antidepressants and the role
of maternal depression: results from the Norwegian mother and child
cohort study. J Clin Psychopharmacol. 2012;32:186–94.
16. Hansson SR, Mezey E, Hoffman BJ. Serotonin transporter messenger RNA
expression in neural crest-derived structures and sensory pathways of the
developing rat embryo. Neuroscience. 1999;89:243–65.
17. Li Z, Chalazonitis A, Huang Y-Y, Mann JJ, Margolis KG, Yang QM, et al.
Essential roles of enteric neuronal serotonin in gastrointestinal motility and
the development/survival of enteric Dopaminergic neurons. J Neurosci.
2011;31:8998–9009.
18. Gershon MD. 5-Hydroxytryptamine (serotonin) in the gastrointestinal tract.
Curr Opin Endocrinol Diabetes Obes. 2013;20:14–21.
19. Butler Tjaden NE, Trainor PA. The developmental etiology and pathogenesis
of Hirschsprung disease. Transl Res. 2013;162:1–15.
20. Rintala RJ, Pakarinen MP. Long-term outcomes of Hirschsprung’s disease.
Semin Pediatr Surg. 2012;21:336–43.
21. Best KE, Glinianaia SV, Bythell M, Rankin J. Hirschsprung’s disease in the
north of England: prevalence, associated anomalies, and survival. Birt
Defects Res A Clin Mol Teratol. 2012;94:477–80.
22. Best KE, Addor M-C, Arriola L, Balku E, Barisic I, Bianchi F, et al.
Hirschsprung’s disease prevalence in Europe: a register based study:
Hirschsprung’s disease in Europe. Birt Defects Res A Clin Mol Teratol.
2014;100:695–702.
23. Bergeron K-F, Silversides D, Pilon N. The developmental genetics of
Hirschsprung’s disease: developmental genetics of Hirschsprung’s
disease. Clin Genet. 2013;83:15–22.
24. Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register.
Scand J Public Health. 2011;39(7 Suppl):30–3.
25. Knudsen LB, Olsen J. The Danish medical birth Registry. Dan Med Bull.
1998;45:320–3.
26. Wallach Kildemoes H, Toft Sorensen H, Hallas J. The Danish National
Prescription Registry. Scand J Public Health. 2011;39(7 Suppl):38–41.
27. Pedersen CB, Gøtzsche H, Møller JO, Mortensen PB. The Danish civil
registration system. A cohort of eight million persons. Dan Med Bull.
2006;53:441–9.
28. World Health Organization. International statistical classification of diseases
and health related problems (the) ICD-10. 2004.
29. World Health Organization. Anatomical therapeutic chemical (ATC)
classification index with defined daily doses (DDDs). 2004.
30. Johannesdottir SA, Horváth-Puhó E, Ehrenstein V, Schmidt M, Pedersen L,
Sørensen HT. Existing data sources for clinical epidemiology: the Danish
National Database of reimbursed prescriptions. Clin Epidemiol. 2012;4:303–13.
31. De Jong van den Berg LT, Feenstra N, Sorensen HT, Cornel MC.
Improvement of drug exposure data in a registration of congenital
anomalies. Pilot-study: pharmacist and mother as sources for drug exposure
data during pregnancy. EuroMAP group. Europen medicine and pregnancy
group. Teratology. 1999;60:33–6.
32. Sarangarm P, Young B, Rayburn W, Jaiswal P, Dodd M, Phelan S, et al.
Agreement between self-report and prescription data in medical records for
pregnant women. Birt Defects Res A Clin Mol Teratol. 2012;94:153–61.
33. Pisa FE, Casetta A, Clagnan E, Michelesio E, Vecchi Brumatti L, Barbone F.
Medication use during pregnancy, gestational age and date of delivery:
agreement between maternal self-reports and health database information
in a cohort. BMC Pregnancy Childbirth. 2015;15:310.
34. Olesen C, Søndergaard C, Thrane N, Nielsen GL, de Jong-van den Berg L,
Olsen J, et al. Do pregnant women report use of dispensed medications?
Epidemiol Camb Mass. 2001;12:497–501.
35. Källén B, Nilsson E, Olausson PO. Antidepressant use during pregnancy:
comparison of data obtained from a prescription register and from
antenatal care records. Eur J Clin Pharmacol. 2011;67:839–45.
36. Waters CS, Hay DF, Simmonds JR, van Goozen SHM. Antenatal depression
and children’s developmental outcomes: potential mechanisms and
treatment options. Eur Child Adolesc Psychiatry. 2014;23:957–71.
37. Olivier JDA, Åkerud H, Kaihola H, Pawluski JL, Skalkidou A, Högberg U, et al.
The effects of maternal depression and maternal selective serotonin
reuptake inhibitor exposure on offspring. Front Cell Neurosci. 2013;7 doi:10.
3389/fncel.2013.00073.
38. Yonkers KA, Wisner KL, Stewart DE, Oberlander TF, Dell DL, Stotland N, et al.
The management of depression during pregnancy: a report from the
American Psychiatric Association and the American College of Obstetricians
and Gynecologists. Gen Hosp Psychiatry. 2009;31:403–13.
39. Smoller JW. The genetics of stress-related disorders: PTSD, depression, and
anxiety disorders. Neuropsychopharmacology. 2016;41:297–319.
40. Amiel J, Sproat-Emison E, Garcia-Barcelo M, Lantieri F, Burzynski G, Borrego
S, et al. Hirschsprung disease, associated syndromes and genetics: a review.
J Med Genet. 2007;45:1–14.
41. Torroglosa A, Alves MM, Fernández RM, Antiñolo G, Hofstra RM, Borrego S.
Epigenetics in ENS development and Hirschsprung disease. Dev Biol.
2016;15(417(2)):209–16.
42. Devlin AM, Brain U, Austin J, Oberlander TF. Prenatal exposure to maternal
depressed mood and the MTHFR C677T variant affect SLC6A4 methylation
in infants at birth. PLoS One. 2010;5:e12201.
43. Schroeder JW, Smith AK, Brennan PA, Conneely KN, Kilaru V, Knight BT, et al.
DNA methylation in neonates born to women receiving psychiatric care.
Epigenetics. 2012;7:409–14.
44. Sergi C, Caluseriu O, McColl H, Eisenstat DD. Hirschsprung’s disease: clinical
Dysmorphology, genes. Micro-RNAs Future Perspectives Pediatr Res. 2016;
doi:10.1038/pr.2016.202.
45. Passarge E. Dissecting Hirschsprung disease. Nat Genet. 2002; doi:10.1038/ng878.
46. Heuckeroth RO, Schäfer K-H. Gene-environment interactions and the enteric
nervous system: neural plasticity and Hirschsprung disease prevention. Dev
Biol. 2016;15(417(2)):188–97.
47. Hackshaw A, Rodeck C, Boniface S. Maternal smoking in pregnancy and
birth defects: a systematic review based on 173 687 malformed cases and
11.7 million controls. Hum Reprod Update. 2011;17:589–604.
48. Löf Granström A, Svenningsson A, Hagel E, Oddsberg J, Nordenskjöld A,
Wester T. Maternal risk factors and Perinatal characteristics for Hirschsprung
disease. Pediatrics. 2016;138(1).
49. Fu M, Sato Y, Lyons-Warren A, Zhang B, Kane MA, Napoli JL, et al. Vitamin a
facilitates enteric nervous system precursor migration by reducing Pten
accumulation. Dev Camb Engl. 2010;137:631–40.
50. Knudsen VK, Orozova-Bekkevold I, Rasmussen LB, Mikkelsen TB, Michaelsen
KF, Olsen SF. Low compliance with recommendations on folic acid use in
relation to pregnancy: is there a need for fortification? Public Health Nutr.
2004;7 doi:10.1079/PHN2004630.
Nielsen et al. Orphanet Journal of Rare Diseases  (2017) 12:116 Page 7 of 7
